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a b s t r a c t
The River Lippe is situated at the northern part of the rhenish-westphalian coal mining area, Germany
and has a long history of being affected by mining water discharge. There has, however, been a massive
decrease in the discharge of mining water over the past few decades. While early in the last century
concentrations of up to 3500mg l−1 of chloride were observed, the mean concentration is now below
400mg l−1. At the same time the water quality has improved greatly so factors other than chloride
concentration may be inﬂuencing the macroinvertebrate community.
Macroinvertebrate data collected from three sites along the River Lippe was analyzed for a changeining water in the occurrence of salt tolerant species in an area where mining water discharge ended in 2000. It
was found that also during the period of discharges the macroinvertebrate community was dominated
by freshwater species and therefore the impact of mining water discharges in the upper River Lippe is
considered to be minor.
It was also found that for some species (Nais elinguis, Bithynia tentaculata and Gammarus tigrinus) their
nce d
.proposed salinity prefere
requires further research
ntroduction
The discharge of mine water containing chloride into the rivers
nd streams in the Ruhr district has a long history. However, the
ffect of these discharges on the macroinvertebrates is not well
ocumented. In the catchment of the River Ruhr the active mining
eased 170 years ago, although some minor discharges still occur.
he discussion on the response of the macroinvertebrates to ele-
ated concentrations of chloride has become more intense in the
oal mining area in Western Germany in the recent years. This is
ainly due to the implementation of the water framework direc-
ive in the state of North Rhine-Westphalia. In order to ensure the
alidity of the results of macroinvertebrate assessments using the
erlodes method, assessment values for a number of chemical and
hysical parameters have been deﬁned. If the biological sampling
ives the result good status and at least one of the deﬁned chemi-
al or physical parameters is exceeded, the result of the biological
ampling has to be rechecked.∗ Corresponding author. Tel.: +49 201 104 2344; fax: +49 201 104 2904.
E-mail address: petruck.andreas@eglv.de (A. Petruck).
075-9511/$ – see front matter © 2011 Published by Elsevier GmbH.
oi:10.1016/j.limno.2011.01.001id not correlate with their occurrence in the ﬁeld. This may be an area that
© 2011 Published by Elsevier GmbH.
Materials and methods
Study area
The River Lippe is a lowland river of 220km in length and
drains a catchment of 4882km2 and conﬂuences near the town
of Wesel with the River Rhine. It ﬂows through the nature-spatial
unit of the Westfälische Bucht, which is mainly dominated by sand
and gravel. The karst hydrology of the upper reaches is important
for the ﬂow regime, leading to fairly high ﬂows in the upper
reaches. Today the River Lippe is used by many sectors, including
agriculture and forestry, urban centres, industry and transport.
Like many rivers in Central Europe the morphology of the River
Lippe has substantially changed so that it is now fairly straight and
narrow with a deepened proﬁle.
The study has been conducted in the middle part of the river,
between the cities of Hamm and Lippborg (Fig. 1). This part of
the River Lippe and the associated catchment area is managed
by the Lippeverband. The Lippeverband was founded in 1926 as
a self-governed public body. The main tasks of the association
are waste water management, ﬂow control, ﬂood protection and
water body management.The history of coal mining discharges in the River Lippe catchment
During a migration north, the coalmining industry moved out
of the Ruhr area in 1840. Around 1860–1870 underground mining
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tarted in the Emscher area in the cities of Oberhausen, Altenessen,
elsenkirchen, Herne and Castrop (Slotta, 1991). The area of the
iver Lippe catchment was reached at about 1900. The ﬁrst pits
ere sunk at Dorsten, Marl, Datteln and Hamm (see Fig. 1). The
pper coal containing layers in the River Lippe area is 400–600m
elow sea level. In the north near Münster, the coal layers are
400m below sea level. In order to extract the coal, inﬁltrating
roundwater has to be pumped to the surface. At the surface it
s discharged into a stream or river nearby. In many cases this
ontinues after the extraction ceases.
In the rhenish-westphalian coal mining area, three zones of
ifferent mining water inﬂow characteristics in pits can be distin-
uished:
. The area in the south has no overlaying rock and is strongly pre-
cipitation dependent. Activemining has not occurred in this area
for a long time.
. The middle Ruhr district has overlaying rock that is 400m thick
and a weakened precipitation inﬂuence (up to the Emscherdell).
. The northern area has overlaying rock more than 400m thick
and is precipitation independent. Locally mining water inﬂow
out of areas of tectonic disturbances occurs.
Due to the variable derivation, the mining water shows an
ncrease in salts (in particular chloride) from south to north. The
emperature of the mining water is, depending on the depth,
etween 20 ◦C and 60 ◦C.
During the last 100 years the characteristics of the various dis-
harges have changed continually due to changes in the extraction
ites and volumes of coal extracted. Since the 1980s the Lippever-
and has worked in conjunction with the coal mining industry on a
oncept to reduce the impact of discharge on receiving waters. The
im was to reduce total chloride load, and the number of discharge
oints and water courses receiving discharge.g sites in the study area.
Figs. 2 and 3 give an overview of the discharge sites in the lower
River Lippe catchment for 1989 and 2007, respectively. In 1989
there were a total of 16 sites that discharged either directly into the
River Lippe or into a number of contributing streams. Since 2007
only 4 sites discharge either into the River Lippe. In some cases the
mining water is pumped through pipes to the River Lippe from the
discharging pit. The contributing streams are now free of mining
water discharges. With the implementation of the concept, more
than 70km of water courses are now free of discharges.
Sampling
The Lippeverband surveys the water quality of the River Lippe
in several ways. Fig. 1 gives an overview of the monitoring pro-
grammes conducted by the Lippeverband between Hamm and
Lippborg. Water sampling is conducted at 13 sites along the River
Lippe and is routinely analyzed for standard physico-chemical
parameters as well as organic substances and heavy metals. The
macroinvertebrates are sampled on a yearly basis at about 25
sites along the 146km stretch of the River Lippe in the area man-
aged by the Lippeverband. Until 2005 the method saprobic index
(DIN 38410, Part B) (DIN, 2004) was the standard method for the
assessment of water quality. In addition to using this method, the
Lippeverband produced complete taxa lists to identify the species
that are not included in the saprobic index list. The sampling was
carried out using the time sampling method. For a time period of
15min the substrates of each monitoring site are sampled making
sure that each substrate is sampled according to its predominance
at the site. The ﬁne sediments are sampled with a mesh of 1mm
diameter. The coarser sediments (e.g. rocks) are surveyed and spec-
imen removedwith ﬁne forceps. The specimenwas then conserved
in a formaldehyde solution and transported to the lab for determi-
nation. In addition to the sampling of specimen the parameters
water temperature, pH, conductivity, chloride, oxygen concentra-
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ion, total organic carbon, ammonia, nitrite, nitrate, total nitrogen,
otal phosphorous and sulphate were measured.
In order to assess the inﬂuence of chloride concentrations on
he macroinvertebrates, all macroinvertebrate data was trans-
erred into the software Asterics (Meier et al., 2006), which
s based on the AQEM system (2002). This system is used
n Germany to assess the ecological status of the macroin-
ertebrates compared to the requirements of the European
ater Framework Directive. The advantage of this software is
hat it also provides species-speciﬁc salinity preferences of the
acroinvertebrates.
Fig. 3. Mining water discharges in theRiver Lippe catchment in 1989.
The salinity preference in Asterics/Perlodes is based on the
Venice System (1959) and is expressed in Particle Salinity Units
(psu). The taxa were placed into three groups depending on their
salinity preference; the freshwater and oligohaline taxa of the
Venice System are referred to as freshwater species, the mesoha-
line taxa as brackish water taxa and the polyhaline and euhaline
taxa as saltwater species (Table 1).
Macroinvertebrates data collected between 1995 and 2005 at
Lippborg, Uentrop, Haus Haaren, Bad Hamm, Hamm and Herringen
were used (Fig. 1). The sampling was carried out on a yearly basis,
usually in July or August.
River Lippe catchment in 2007.
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Table 1
Venice System (1959) and the salinity preference of taxa.
Venice System Salinity preference
Freshwater [%] (<0.5) Freshwater-taxa
Oligohaline [%] (0.5–<5)
Mesohaline [%] (5–<18) Brackish water taxa
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pPolyhaline [%] (18–30) Saltwater taxa
Euhaline [%] (>30)
esults and discussion
Fig. 4 shows the mean chloride concentrations in the River
ippe upstream and downstream of the discharges from 1908 to
007. It can be seen that in 1908 a signiﬁcant discharge of chloride
as observed and during the decades following the concentration
ncreased up to 3400mg l−1, although values between 1200 and
700mg l−1 were frequently observed. Fig. 5 shows the total chlo-
ide load in the Lippe and the number of pits discharging into the
atchment. The total load was relatively constant at 20kg s−1 up
o the late 1980s and then decreased down to about 15kg s−1 in
he 1990s. Since the late 1990s the load has been reduced down to
.5 kg s−1, decreasing by more than 60%.
During 2000, the number of pits was reduced to 4, including the
losureof themostupstreamdischarge site atHamm-Mattenbecke.
his gave the opportunity to assess the change in the macroin-
ertebrates communities after mining water discharge had ended
t Hamm-Mattenbecke. Fig. 6 shows the mean, minimum and
aximum concentrations of chloride at Lippborg and Hamm-
attenbecke. Before the discharge ended in 2000, the mean
hloride concentration in the River Lippe downstream of the
attenbeckewas between 250 and 550mg l−1. Themaximumcon-
able 2
he number of taxa and individuals collected between 1995 and 2005 at each sam-
ling site.
Sampling site Taxa (n) Specimen (n)
Lippborg 89 597
Uentrop 61 302
Haus Haaren 43 268
Bad Hamm 47 330
Hamm 69 463
Herringen 63 491
Fig. 4. History of the maximum chloridegica 41 (2011) 143–150
centrations ranged from 500 to 880mg l−1, depending on ﬂow in
the River Lippe. After the discharges ceased the concentration of
chloride downstream of the Mattenbecke was equal to the unaf-
fected site at Lippborg at 80mg l−1at low ﬂow conditions.
Water quality of the River Lippe
Apart from the chloride concentrations also other factors inﬂu-
encing the water quality in the River Lippe changed substantially
during the past decades. In the 1970s the organic load of the River
Lippe was the predominant factor in determining the macroin-
vertebrates communities (Teichgräber et al., 2004). In the 1970s
substantial parts of the River Lippe were, based on the German DIN
38410 (2004) (determination of the saprobic index), mesosapro-
bic to polysaprobic. Only the upper stretches of the River Lippe
near Lippborg were in a good saprobic status. This was mainly
due to deﬁciencies in waste and storm water treatment at Hamm
and Lünen, leading to a substantial load of organic substances
in the River Lippe that were reﬂected by high saprobic values.
Another very active industrial area is situated at Dorsten, which
also leads to an increase in the saprobic indices in the River Lippe.
The Lippeverband has invested substantially in waste and storm
water treatment facilities. The introduction of a second treatment
stage (nutrient removal), and improvements in the operation of
treatment plants has reduced the organic load of the River Lippe
substancially. This is reﬂected by an improvement in the saprobic
index in the River Lippe. In 2007, most stretches of the River Lippe
showed a saprobic value of II (-mesosaprobic) (Fig. 7).
An overview of the change in saprobic indices in the River Lippe
between 1970 and 2007 is given in Fig. 6.
Response of the macroinvertebrates
Between 1995 and 2005 a total of 2451 individuals from
161 species were collected between Lippborg and Herringen. The
predominant taxa of the collected individuals were Crustacea
(18.24%), Gastropoda (15.59%), Ephemeroptera (10.61%) Odonata
(10.40%), Diptera (9.75%), Trichoptera (9.63%), Lamellibranchata
(6.73%) and Coleoptera (5.02%) (Fig. 8). The remaining groups
were Heteroptera, Hirudinea, Megaloptera, Oligochaeta, Planipen-
nia, Polycheta, Porifera, Tricladida, which were all below 5%.
Most of the macroinvertebrates were found at Lippborg (597
individuals). Samples from Uentrop, Haus Haaren and Bad Hamm
concentrations in the River Lippe.
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ad the least number of individuals, and those from Hamm and
erringen had an intermediate abundance (Table 2). The decrease
n the number of species collected is not driven by mining water
ischarges because the ﬁrst discharges occur further downstream
t the discharge site Herringer Bach. In this area the weir at
amm–Uentrop also has a major impact on the ﬂow pattern of the
iver Lippe. In addition cooling water discharges of a power plant
ave a signiﬁcant impact on water temperature of the River Lippe
Petruck et al., 2003).
Taxa frequently collectedat Lippborg includedCrustacea (13.6%)
nd Gastropoda (13.4%) (Fig. 9), while at Haus Haaren the most
Fig. 6. Change in chloride concentrations at Lippborg and Hahe chloride load in the River Lippe.
common taxa were Odonata (20.5%) and Ephemeroptera (19.8%).
At BadHammCrustaceawere themost common group (28.2%), and
at Hamm and Herringen, Crustacea (24.6% and 20.6% respectively)
and Gastropoda (18.4% and 27.1%) were the most common.
The distribution of freshwater, brackish water and saltwater
taxa are presented in Tables 3 and 4. Table 3 gives the results for
each site for the time period 1995–1999, and Table 4 for the period
2001–2005. The data year 2000 was not used, since in the course
of this year the mining water discharge was stopped.
A total of 11 brackish water taxa were found: Noterus
clavicornis and Noterus crassicornis (Coleoptera), Corophium
mm (mean, minimum and maximum concentrations).
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Fig. 7. Water quality in the River Lippe 1970–2007.
Table 3
Distribution of freshwater, brackish water and saltwater taxa at sites sampled between 1995 and 1999.
1995–1999 Lippborg Uentrop Haus Haaren Bad Hamm Hamm Herringen
Freshwater Min 96.8 95.7 96.4 90.3 90.3 90.7
Taxa (%) Mean 98.9 98.2 99.3 94.2 92.4 95.1
Max 100.0 100.0 100.0 98.3 95.0 97.6
Brackish water Min 0.0 0.0 0.0 1.7 3.8 2.4
Taxa (%) Mean 1.8 2.3 3.6 3.7 5.4 3.8
c
l
(
mMax 3.2 4.3
Saltwater Min 0.0 0.0
Taxa (%) Mean 0.0 0.0
Max 0.0 0.0urvispinum (Crustacea), Cricotopus sylvestris, Polypedilum nubecu-
osum (Diptera), Corbicula ﬂuminalis and Corbicula ﬂuminea
Lamellibranchiata), the gastropods Bithynia tentaculata, Pota-
opyrgus antipodarum, Theodoxus ﬂuviatilis and the oligochaete
Fig. 8. Distribution of taxonomic groups collected between 1995 and 2005.3.6 6.1 6.5 5.6
0.0 0.0 1.1 0.0
0.0 3.5 2.0 2.7
0.0 4.1 3.2 3.7
Nais elinguis. Only one saltwater species was found Gammarus
tigrinus (Crustacea) at Bad Hamm, Hamm and Herringen (see
Tables 3 and 4). The majority of freshwater species were found at
the most upstream sites, Lippborg and Uentrop (see Fig. 9). Further
downstream, the occurrence of freshwater species declines and the
number of brackish water species increases. This can be seen as an
indication of mining water discharges, however at the most down-
stream site, Herringen, the number of freshwater species increases
again by 3%.
With a mean percentage of at least 92% freshwater taxa at any
of the sites, the macroinvertebrates can be considered to be fresh-
water dominated. When comparing the periods 1995–1999 and
2001–2005 the difference in the occurrence of brackish and saltwa-
ter species is onlyminor, however the chloride concentrationswere
signiﬁcantly reduced between 2001 and 2005 (from 736mg l−1 in
to 193mg l−1).
It was observed that the occurrence of some species was dif-
ferent from their salinity preference indicated by previous authors.
One to two individuals ofN. elinguis, whichwas described by Erséus
and Healy (2001) as a saltwater species, were found at the fresh-
water sites of Lippborg, Uentrop, Hamm and Herringen.
B. tentaculata, often described as a freshwater species that is
intolerant of salt, was regularly collected during 1995–1999 at
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Table 4
Distribution of freshwater, brackish water and saltwater taxa at sites sampled between 2001 and 2005.
2001–2005 Lippborg Uentrop Haus Haaren Bad Hamm Hamm Herringen
Freshwater Min 98.4 97.1 95.2 90.0 86.7 93.7
Taxa (%) Mean 99.6 98.7 97.7 92.7 92.3 94,6
Max 100.0 100.0 100.0 95.4 95.5 96.3
Brackish water Min 0.0 0.0 0.0 3.4 3.4 2.9
Taxa (%) Mean 1.0 2.1 2.9 4.3 5.6 3.8
Max 1.4 2.9 4.8 5.4 8.9 4.2
Saltwater Min 0.0 0.0 0.0 1.2 0.0 0.0
Taxa (%) Mean 0.0 0.0 0.0 3.0 2.6 2.1
Max 0.0 0.0 0.0 4.6 4.4 2.4
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cFig. 9. Distribution of taxa at Lippborg, Uentrop, Haus Haaren, Bad Hamm, H
amm and Herringen, which were relatively salty at the time
provide concentration ranges). The halophile, G. tigrinus, was
onsistently found at the site with the highest chloride con-
entrations between 1995 and 1999, but was also consistently
ollected at Bad Hamm, which had low chloride concentrations
etween2001and2005.This indicates that thecorrelationbetween
he species-speciﬁc salinity preferences is probably not very
trong.
The fact that at least 92% of the macroinvertebrate taxa are
onsidered to be freshwater species indicates that the inﬂuence
f chloride concentrations in the upper River Lippe was relatively
ow during the period of 1995–2005. It was also not possi-
le to determine a signiﬁcant change in the macroinvertebrates
ommunity after the discharge at Hamm-Mattenbecke ended. It
ppears that the occurrence of these species in the River Lippe
s not driven by a single environmental factor such as chloride
oncentrations.and Herringen calculated from samples collected between 1995 and 2005.
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